Introduction
============

The Ewing sarcoma family of tumors (ESFT) is a family of morphologically similar malignancies that include Ewing tumors, peripheral primitive neuroectodermal tumors (PNET) and Askin tumors, representing the second most frequent bone malignancies in children.[@b1-cmar-10-6227] These tumors can arise from bone or extraskeletal. The extraskeletal Ewing sarcoma (EES) accounts for \~6% to 47% of all Ewing tumors.[@b2-cmar-10-6227] The principles of management of EES have been extrapolated from the treatment of skeletal Ewing sarcoma (SES). It is unclear if the approach of the primary tumor differs based upon tissue of origin. There are few clinical studies available to describe the clinical features, therapeutic approaches and prognostic factors of EES and SES. Moreover, the majority of the studies include patients with small sample size, heterogeneous chemotherapy protocols, conflicting results of outcome and lack of prognostication.[@b3-cmar-10-6227],[@b4-cmar-10-6227] The aim of this study is to evaluate clinicopathological characteristics, outcomes and prognostic factors of EES by using the data from the Surveillance, Epidemiology, and End Results (SEER) database. This may develop a better understanding of the relationship between EES and SES, which is important for the development of future clinical trials and therapeutic protocols.

Patients and methods
====================

Patient population
------------------

We gathered patient information from the SEER program between 1973 and 2014. The SEER program is used in the regions that cover 28% of the US population. The SEER system routinely collected data on patient demographics, primary tumor site, tumor morphology and histology, stage at diagnosis, limited treatment data and follow-up for vital status and survival. These data accessed from the SEER database were freely available. Patients with histologically confirmed Ewing sarcoma (EWS, 9260/3), PNET (9364/3) or Askin tumor (9365/3) according to the International Classification of Disease for Oncology, third revision were eligible for the study. Clinicopathological characteristics, outcomes and prognostic factors of EES and SES were compared. Parameters included race, ethnicity, age, sex, year of diagnosis, tumor size, primary tumor site, stage, regional lymph node involvement, surgery data, survival status, cancer-specific survival (CSS) and overall survival (OS). CSS was calculated from the date of diagnosis until the date of disease progression, relapse, death or last follow-up visit. OS was calculated from the date of diagnosis to the date of death or last follow-up. Exclusion criteria include patients with other cancers during lifespan; unknown primary tumor site; lack of race or ethnicity; survival \<1 month or unknown; tumor arose within the central nervous system (although primary central nervous system tumors have the same name as peripheral PNET, they are not thought to be related biologically).[@b5-cmar-10-6227]

Statistical methods
-------------------

The Fisher's exact test was used to identify difference between categorical variables. CSS and OS were estimated by the Kaplan--Meier method, together with 95% CI. Cumulative survival rates were compared using the log-rank test, with *P*\<0.05 considered to be significant. The analysis was also stratified by age and metastatic classification. Cox proportional hazard models were carried out to assess the effect of extraskeletal vs skeletal origin on CSS and OS while controlling for known prognostic factors. The missing data from the analysis included 1,315/3,178 (41.38%) patients with a missing tumor size variable and 2,290/3,178 (72.06%) with a missing regional node involvement variable. A second model was constructed that eliminated tumor size and regional node involvement, which yielded similar results. Back stepwise multivariate Cox regression analysis was done to identify the independent prognostic factors of EES and SES. Statistical analysis was performed using SPSS version 20.0. All *P*-values were two sided, and *P*\<0.05 was considered statistically significant.

Results
=======

Patients' characteristics
-------------------------

A total of 3,663 patients with EWS, PNET or Askin tumor diagnosed between 1973 and 2014 were registered in the SEER program. We excluded 340 patients with non-primary EWS, PNET or Askin tumor, 18 patients with unknown primary tumor site, 57 patients with tumor within the central nervous system, 12 patients with unknown race or ethnicity and 58 patients with survival less than 1 month or unknown. The remaining 3,178 patients were included in our analysis; of whom, 981 (30.87%) had EES whereas 2,197 (69.13%) had SES. The demographic and clinical characteristics of the two cohorts are shown in [Table 1](#t1-cmar-10-6227){ref-type="table"}. The majority of the patients were White non-Hispanic in both EES and SES. The age of patients with EES was diagnosed to be higher compared with patients with SES. The most common age range at initial diagnosis was 20--39 years for EES (35.8% vs 25.8%; *P*\<0.001), whereas ≥40 years (22.1% vs 6.5%; *P*\<0.001) for SES. Patients with EES were more likely to be female (46.1% vs 36.2%; *P*\<0.001), have tumor \<10 cm (49.8% vs 35.4%; *P*\<0.001), have regional node involvement (5.4% vs 1.0%; *P*\<0.001) and receive surgery (69.1% vs 53.8%; *P*\<0.001) compared to SES patients. EES was also more likely to have a histological classification of PNET/Askin compared with SES (42.2% vs 3.6%; *P*\<0.001). There were no differences in tumor stage between EES and SES.

Clinical outcomes differ between EES and SES
--------------------------------------------

CSS and OS estimates are shown in [Figure 1](#f1-cmar-10-6227){ref-type="fig"}. In all patients, Kaplan--Meier prediction of CSS and OS was not affected by origin. We then analyzed the effects of origin on CSS and OS in each subgroup of ages and metastatic stage. Among patients aged 0--19 years at presentation, the unadjusted CCS and OS for patients with EES were superior compared with those with SES, whereas the prognosis factors for those aged 20--39 and ≥40 years were not affected by origin ([Figure 1](#f1-cmar-10-6227){ref-type="fig"}). The unadjusted 5-year CSS for patients with metastatic stage EES was 26.18% (95% CI, 20.70%--31.67%) compared to 32.47% (95% CI, 28.55%--36.39%) for patients with metastatic stage SES. The unadjusted 5-year OS for patients with metastatic stage EES was 24.70% (95% CI, 19.41%--29.99%) compared to 31.40% (95% CI, 27.48%--35.32%) for patients with metastatic stage SES ([Figure 2](#f2-cmar-10-6227){ref-type="fig"}). To further evaluate these survival differences, we constructed a Cox proportional hazards model in the full analytic that also controlled for other known prognostic factors. After controlling for race, ethnicity, age, sex, year of diagnosis, tumor size, primary tumor site, stage, regional lymph node involvement and surgery data, patients with EES had significantly higher HRs for both CSS and OS compared to SES (HR: 1.157; 95% CI, 1.018--1.315; *P*=0.025 for CSS; HR: 1.160; 95% CI, 1.026--1.312; *P*=0.018 for OS; respectively) ([Table 2](#t2-cmar-10-6227){ref-type="table"}). However, tumor size was not available for approximately half of the analyzed population in SES and \~70% of the patients had incomplete data for regional node involvement in both EES and SES. A second model was constructed that eliminated tumor size and regional node involvement. This model included only \~56% of the patients due to missing data. In this sensitivity model, EES still had significantly higher HRs for both CSS and OS compared to SES (HR: 1.171; 95% CI, 1.032--1.329; *P*=0.014 for CSS; HR: 1.161; 95% CI, 1.028--1.311; *P*=0.016 for OS; respectively) ([Table S1](#SD1-cmar-10-6227){ref-type="supplementary-material"}).

Prognostic factors differ between EES and SES
---------------------------------------------

Multivariate Cox regression analysis was used to evaluate associations of race, ethnicity, age, sex, year of diagnosis, tumor size, primary tumor site, stage, regional lymph node involvement and surgery data. In multivariate analysis, age, size, stage and surgery were independent risk factors for CSS and OS in both EES and SES ([Table 3](#t3-cmar-10-6227){ref-type="table"}). Patients with non-White, earlier years of diagnoses and axial location were associated with a significantly worse CSS and OS in SES ([Table 4](#t4-cmar-10-6227){ref-type="table"}).

Discussion
==========

EES is an aggressive type of tumor with a high incidence of local recurrence and distant metastasis. The clinical features, treatment and prognostic factors of EES were diverse and limited to small reports from few institutions. In the present study, we observed several notable differences in disease presentation between EES and SES. The differences in clinical characteristics and prognosis between EES and SES may be due to the differences in microenvironment and angiogenesis between the extraskeletal and skeletal origin.[@b6-cmar-10-6227],[@b7-cmar-10-6227]

EES is relatively less common in children and adolescents. This finding was consistent with previous studies.[@b8-cmar-10-6227],[@b9-cmar-10-6227] Data comparing tumor size between EES and SES were conflicting. Some studies have shown that extraskeletal tumors were smaller at diagnosis, whereas others have shown no difference.[@b10-cmar-10-6227]--[@b12-cmar-10-6227] We observed that extraskeletal patients were more likely to have smaller tumors compared to patients with SES. Patients with EES had a higher proportion of surgical resection as primary local therapy in comparison with the patients with SES. This is similar to the observation of Biswas et al.[@b13-cmar-10-6227] This difference in management may represent alternative decision-making by tumor site. Previous studies have shown that SES were more likely pelvic primary tumors.[@b10-cmar-10-6227],[@b11-cmar-10-6227] The resection and reconstruction of pelvic tumors were much more technically difficult than extremity lesions.[@b14-cmar-10-6227] Although complex and challenging, Puri et al[@b15-cmar-10-6227] indicated that the limb-sparing surgery in pelvic Ewing's sarcoma was safe in oncology and had better functional and survival outcomes than amputation surgery. We also observed that patients with EES were more likely to have regional node involvement. Huh et al[@b16-cmar-10-6227] presented a wide spectrum of imaging features and metastatic patterns of EES in adult Asian patients, showing that lymph nodes were the most frequent site of metastases, followed by lungs, bones, solid organs, peritoneum and pleura. Völker et al[@b17-cmar-10-6227] also found that the incidence of EES with regional node involvement had consistently increased, particularly in recent years, likely reflecting that the development of imaging technology had improved detection. Applebaum et al[@b18-cmar-10-6227] indicated that regional node involvement may be an independent adverse prognostic factor in EWS and should be investigated carefully when diagnosed with EES. In contrast, Worch et al[@b19-cmar-10-6227] demonstrated that in patients with SES the tumors were more frequently transferred to the lung, followed by bone and bone marrow. Those findings suggested that the metastatic pattern may be different between EES and SES, although there was no difference in metastatic status in our study. It may reflect the underlying biological differences that we were unable to control for in this analysis, since the SEER database was limited in genetic and molecular information as mentioned above. EES was also more likely to have a histological classification of PNET/Askin compared with SES, as reported in the previous report.[@b11-cmar-10-6227] The increased proportion of extraskeletal tumors classified as PNET may reflect that the development of cytogenetic and molecular diagnostic techniques now allow for more reliable detection of genetic translocations characteristic of this disease.[@b20-cmar-10-6227]

Whether EES carried a worse prognosis compared with SES had been an issue of controversy in some studies.[@b4-cmar-10-6227],[@b21-cmar-10-6227],[@b22-cmar-10-6227] In the present study, origin was not a statistically significant prognostic factor for survival among all patients on univariate analysis. Subgroup univariate analysis evaluated that the CCS and OS were superior for patients aged 0--19 years in EES compared to those with SES, whereas the prognosis factors for patients aged 20--39 and ≥40 years were not affected by origin. Contrarily, the unadjusted 5-year CSS and OS for patients with metastatic stage SES were better than patients with metastatic stage EES. It had been confirmed that increasing age was an independent unfavorable prognostic factor in EWS.[@b23-cmar-10-6227],[@b24-cmar-10-6227] Few other studies also had demonstrated that there was no association between older age and worse prognosis when adult patients were treated by pediatric protocols.[@b25-cmar-10-6227],[@b26-cmar-10-6227] This may indicate the difference in treatment between youth and old patients with EWS. In the multivariate analysis, we found that patients with EES had an unfavorable prognosis compared with SES when combining all the patients. Due to the large numbers of missing values of tumor size and the regional node involvement, a second model was constructed that eliminated tumor size and regional node involvement, which yielded similar results. This was different from the observation in various published studies, which had suggested that the outcomes for EES and SES were similar.[@b9-cmar-10-6227],[@b12-cmar-10-6227],[@b27-cmar-10-6227] Applebaum et al found that patients with EES had an unfavorable prognosis prior to 2 years from initial diagnosis, but then the outcomes for EES are significantly better. This was also observed in the study by Biswas et al.[@b13-cmar-10-6227] These findings suggested that the outcome differences between patients with EES and SES were more complex. The etiology for this pattern was not clear. There may be other biological or therapeutic differences that contribute to mortality observed in EES. Unfortunately, no more biological and therapeutic data were available from the SEER database, and these possibilities cannot be further elucidated by this study.

Prognostic factors identified specifically in patients with EES were similar to those reported for SES.[@b28-cmar-10-6227],[@b29-cmar-10-6227] In this study, age, tumor size, tumor stage and surgery were the most important factors significantly influencing CSS and OS in the two cohorts. We also found that race and year of diagnosis were associated with CSS and OS among patients with SES, but failed in EES. Jawad et al[@b30-cmar-10-6227] found that woman constituted a survival benefit among the Caucasian, although the survival of EWS was not impacted by race. Over the past several decades, improvements in outcomes for patients with SES have been achieved through multidisciplinary approaches and multi-institutional trials.[@b31-cmar-10-6227]--[@b33-cmar-10-6227] This may lead to the improved survival of SES. However, the principles of management of EES have been extrapolated from the treatment of skeletal tumors. It was still unclear if the approach of the primary tumor differs based upon tissue of origin.

There were several limitations of this study. Our study was a retrospective study that employed the SEER database, which is limited to the available important variables, such as time to tumor recurrence, chemotherapy regimen utilized and molecular pathological characteristics, which may affect the prognosis of patients. However, this database is population based and practiced in the USA, which makes our findings broadly applicable. Most importantly, tumor size and the regional node involvement were not available for approximately half of the analyzed population, which may result in a limitation on the well-established prognostic factor in multivariate analysis.

Conclusion
==========

We demonstrate that clinicopathological characteristics, outcomes and prognostic factors differ between EES and SES. The results of the present study show that EES was an aggressive disease with an inferior survival compared to SES. Future studies should be carried out to investigate the underlying biological differences between EES and SES to determine optimal treatment strategies to maximize outcomes in these tumors.

Supplementary material
======================

###### 

Cox proportional hazards analysis[a](#tfn6-cmar-10-6227){ref-type="table-fn"} of CSS and OS for patients with extraskeletal and skeletal Ewing sarcoma

  Characteristics     CSS                    OS                               
  ------------------- ---------------------- --------- ---------------------- ---------
  Race                                       0.123                            
   White              Ref.                             Ref.                   
   Non-White          1.148 (0.963--1.367)   0.123     1.125 (0.950--1.333)   0.173
  Ethnicity                                  0.081                            0.077
   Non-Hispanic       Ref.                             Ref.                   
   Hispanic           1.137 (0.984--1.314)   0.081     1.132 (0.987--1.300)   0.077
  Age (years)                                \<0.001                          \<0.001
   0--19              Ref.                             Ref.                   
   20--39             1.621 (1.438--1.826)   \<0.001   1.632 (1.454--1.831)   \<0.001
   ≥40                2.488 (2.113--2.931)   \<0.001   2.791 (2.392--3.257)   \<0.001
  Sex                                        0.010                            
   Male               Ref.                             Ref.                   
   Female             0.863 (0.772--0.965)   0.010     0.853 (0.766--0.950)   0.004
  Year of diagnosis                          \<0.001                          \<0.001
   1973--1979         Ref.                             Ref.                   
   1980--1989         0.854 (0.678--1.077)   0.184     0.832 (0.668--1.036)   0.100
   1990--1999         0.601 (0.479--0.753)   \<0.001   0.600 (0.484--0.744)   \<0.001
   2000--2009         0.577 (0.453--0.686)   \<0.001   0.527 (0.432--0.643)   \<0.001
   2010--2014         0.482 (0.379--0.613)   \<0.001   0.465 (0.368--0.587)   \<0.001
  Origin                                     0.014                            0.016
   Skeletal           Ref.                             Ref.                   
   Extraskeletal      1.171 (1.032--1.329)   0.014     1.161 (1.028--1.311)   0.016
  Histologic type                                                             
   EWS                Ref.                             Ref.                   
   PNET/Askin         1.026 (0.860--1.223)   0.777     1.113 (0.942--1.316)   
  Stage                                      \<0.001                          \<0.001
   Non-distant        Ref.                             Ref.                   
   Distant            2.869 (2.556--3.221)   \<0.001   2.654 (2.374--2.968)   \<0.001
   Unknown            1.312 (1.067--1.613)   0.010     1.306 (1.076--1.585)   \<0.001
  Surgery                                    \<0.001                          \<0.001
   No                 Ref.                             Ref.                   
   Yes                0.556 (0.495--0.624)   \<0.001   0.564 (0.505--0.630)   \<0.001
   Unknown            0.766 (0.567--1.034)   0.081     0.783 (0.588--1.042)   \<0.001

**Notes:**

Model adjusted for tumor size and regional node involvement.

**Abbreviations:** CSS, cancer-specific survival; EWS, Ewing sarcoma; OS, overall survival; PNET, peripheral primitive neuroectodermal tumors; Ref., reference.
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:   extraskeletal Ewing sarcoma

EWS

:   Ewing sarcoma

SES

:   skeletal Ewing sarcoma

PNET

:   peripheral primitive neuroectodermal tumors

SEER

:   Surveillance, Epidemiology, and End Results

CSS

:   cancer-specific survival

OS

:   overall survival

ESFT

:   Ewing sarcoma family of tumors.

![Kaplan--Meier curves of CSS and OS for patients aged 0--19 years (**A** and **D**), 20--39 years (**B** and **E**) and ≥40 years (**C** and **F**) with Ewing sarcoma.\
**Abbreviations:** CSS, cancer-specific survival; OS, overall survival.](cmar-10-6227Fig1){#f1-cmar-10-6227}

![Kaplan--Meier curves of CSS and OS for patients with non-metastatic stage (**A** and **C**) and metastatic stage (**B** and **D**) Ewing sarcoma.\
**Abbreviations:** CSS, cancer-specific survival; OS, overall survival.](cmar-10-6227Fig2){#f2-cmar-10-6227}

###### 

Comparison of demographic and clinical characteristics of patients with EES and SES

  Characteristics            SES (n=2,197)   EES (n=981)   *P*
  -------------------------- --------------- ------------- ---------
  Race, n (%)                                              \<0.001
   White                     2,004 (91.2)    838 (85.4)    
   Non-White                 193 (8.8)       143 (14.6)    
  Ethnicity, n (%)                                         
   Hispanic                  382 (17.4)      225 (22.9)    
   Non-Hispanic              1,815 (82.6)    756 (77.1)    
  Age (years), n (%)                                       \<0.001
   0--19                     1,488 (67.7)    413 (42.1)    
   20--39                    567 (25.8)      351 (35.8)    
   ≥40                       142 (6.5)       217 (22.1)    
  Sex, n (%)                                               \<0.001
   Male                      1,401 (63.8)    529 (53.9)    
   Female                    796 (36.2)      452 (46.1)    
  Year of diagnosis, n (%)                                 \<0.001
   1973--1979                162 (7.4)       10 (1.0)      
   1980--1989                276 (12.6)      24 (2.4)      
   1990--1999                359 (16.3)      148 (15.1)    
   2000--2009                901 (41.0)      524 (53.4)    
   2010--2014                499 (22.75)     275 (28.0)    
  Size (cm), n (%)                                         \<0.001
   ≤10                       777 (35.4)      489 (49.8)    
   \>10                      349 (15.9)      248 (25.3)    
   Unknown                   1,071 (48.7)    244 (24.9)    
  Lymph node, n (%)                                        \<0.001
   Negative                  576 (26.2)      237 (24.2)    
   Positive                  22 (1.0)        53 (5.4)      
   Unknown                   1,599 (72.8)    691 (70.4)    
  Surgery, n (%)                                           \<0.001
   No                        935 (42.6)      290 (29.6)    
   Yes                       1,182 (53.8)    678 (69.1)    
   Unknown                   80 (3.6)        13 (1.3)      
  Stage, n (%)                                             0.436
   Non-distant               1,354 (61.6)    619 (63.1)    
   Distant                   670 (30.5)      297 (30.3)    
   Unknown                   173 (7.9)       65 (6.6)      
  Histologic type, n (%)                                   
   EWS                       2,119 (96.4)    567 (57.8)    
   PNET/Askin                78 (3.6)        414 (42.2)    
  Site, n (%)                                              \<0.001
   Axial                     1,160 (52.8)    --            
   Appendicular              965 (43.9)      --            
   Bone, NOS                 72 (3.3)        --            
   Soft tissue               --              709 (72.3)    
   Others                    --              272 (27.7)    

**Notes:** "--" indicates not applicable.

**Abbreviations:** EES, extraskeletal Ewing sarcoma; EWS, Ewing sarcoma; NOS, not otherwise specified; PNET, peripheral primitive neuroectodermal tumors; SES, skeletal Ewing sarcoma.

###### 

Cox proportional hazards analysis of CSS and OS for patients with extraskeletal and skeletal Ewing sarcoma

  Characteristics     CSS                    OS                               
  ------------------- ---------------------- --------- ---------------------- ---------
  Race                                       0.114                            0.150
   White              Ref.                             Ref.                   
   Non-White          1.152 (0.976--1.373)   0.114     1.133 (0.956--1.342)   0.150
  Ethnicity                                  0.120                            0.085
   Non-Hispanic       Ref.                             Ref.                   
   Hispanic           1.122 (0.970--1.296)   0.120     1.131 (0.983--1.300)   0.085
  Age (years)                                \<0.001                          \<0.001
   0--19              Ref.                             Ref.                   
   20--39             1.607 (1.426--1.811)   \<0.001   1.614 (1.438--1.812)   \<0.001
   ≥40                2.536 (2.153--2.988)   \<0.001   2.797 (2.398--3.262)   \<0.001
  Sex                                        0.027                            
   Male               Ref.                             Ref.                   
   Female             0.882 (0.788--0.986)   0.027     0.870 (0.781--0.968)   0.011
  Year of diagnosis                          \<0.001                          \<0.001
   1973--1979         Ref.                             Ref.                   
   1980--1989         0.847 (0.670--1.070)   0.164     0.836 (0.670--1.043)   0.113
   1990--1999         0.635 (0.503--0.800)   \<0.001   0.650 (0.522--0.808)   \<0.001
   2000--2009         0.581 (0.468--0.722)   \<0.001   0.570 (0.464--0.701)   \<0.001
   2010--2014         0.501 (0.389--0.646)   \<0.001   0.507 (0.398--0.646)   \<0.001
  Origin                                     0.025                            0.018
   Skeletal           Ref.                             Ref.                   
   Extraskeletal      1.157 (1.018--1.315)   0.025     1.160 (1.026--1.312)   0.018
  Histologic type                                                             
   EWS                Ref.                             Ref.                   
   PNET/Askin         1.008 (0.844--1.205)   0.926     1.093 (0.949--1.258)   0.217
  Size (cm)                                  \<0.001                          \<0.001
   ≤10                Ref.                             Ref.                   
   \>10               1.619 (1.390--1.885)   \<0.001   1.590 (1.371--1.844)   \<0.001
   Unknown            1.289 (1.121--1.482)   \<0.001   1.308 (1.145--1.495)   \<0.001
  Lymph node                                 0.396                            0.334
   Negative           Ref.                             Ref.                   
   Positive           1.254 (0.903--1.739)   0.176     1.261 (0.922--1.724)   0.147
   Unknown            1.037 (0.911--1.180)   0.584     1.009 (0.893--1.141)   0.881
  Stage                                      \<0.001                          \<0.001
   Non-distant        Ref.                             Ref.                   
   Distant            2.712 (2.413--3.048)   \<0.001   2.523 (2.255--2.824)   \<0.001
   Unknown            1.253 (1.015--1.547)   0.036     1.245 (1.022--1.517)   0.030
  Surgery                                    \<0.001                          \<0.001
   No                 Ref.                             Ref.                   
   Yes                0.564 (0.502--0.633)   \<0.001   0.572 (0.511--0.639)   \<0.001
   Unknown            0.776 (0.575--1.048)   0.098     0.789 (0.593--1.050)   0.105

**Abbreviations:** CSS, cancer-specific survival; EWS, Ewing sarcoma; OS, overall survival; PNET, peripheral primitive neuroectodermal tumors; Ref., reference.

###### 

Multivariate Cox regression analysis for patients with extraskeletal Ewing sarcoma

  Characteristics     Cancer-specific survival   Overall survival                          
  ------------------- -------------------------- ------------------ ---------------------- ---------
  Race                                           0.752                                     
   White              Ref.                                          Ref.                   
   Non-White          0.955 (0.716--1.272)       0.752              0.902 (0.684--1.190)   0.467
  Ethnicity                                      0.182                                     0.078
   Non-Hispanic       Ref.                                          Ref.                   
   Hispanic           1.182 (0.925--1.507)       0.182              1.227 (0.977--1.542)   0.078
  Age (years)                                    \<0.001                                   \<0.001
   0--19              Ref.                                          Ref.                   
   20--39             1.771 (1.397--2.224)       \<0.001            1.893 (1.498--2.393)   \<0.001
   ≥40                2.917 (2.256--3.772)       \<0.001            3.561 (2.771--4.576)   \<0.001
  Sex                                            0.138                                     0.078
   Male               Ref.                                          Ref.                   
   Female             0.859 (0.703--1.050)       0.138              1.227 (0.977--1.542)   0.078
  Year of diagnosis                              0.111                                     0.053
   1973--1979         Ref.                                          Ref.                   
   1980--1989         0.508 (0.202--1.277)       0.150              0.566 (0.233--1.376)   0.209
   1990--1999         0.612 (0.283--1.324)       0.213              0.725 (0.345--1.526)   0.398
   2000--2009         0.588 (0.277--1.250)       0.168              0.622 (0.299--1.295)   0.205
   2010--2014         0.438 (0.201--0.951)       0.037              0.466 (0.218--0.998)   0.049
  Size (cm)                                      \<0.001                                   \<0.001
   ≤10                Ref.                                          Ref.                   
   \>10               1.704 (1.337--2.171)       \<0.001            1.660 (1.313--2.100)   \<0.001
   Unknown            1.375 (1.064--1.776)       0.015              1.311 (1.021--1.638)   0.034
  Lymph node                                     0.503                                     0.615
   Negative           Ref.                                          Ref.                   
   Positive           1.283 (0.822--2.004)       0.273              1.244 (0.806--1.920)   0.324
   Unknown            1.018 (0.785--1.322)       0.891              1.056 (0.825--1.351)   0.667
  Surgery                                        \<0.001                                   \<0.001
   No                 Ref.                                          Ref.                   
   Yes                0.429 (0.346--0.532)       \<0.001            0.426 (0.346--0.525)   \<0.001
   Unknown            0.439 (0.162--1.189)       0.105              0.483 (0.196--1.190)   0.114
  Stage                                          \<0.001                                   \<0.001
   Non-distant        Ref.                                          Ref.                   
   Distant            2.748 (2.193--3.444)       \<0.001            2.526 (2.032--3.140)   \<0.001
   Unknown            1.385 (0.916--2.095)       0.123              1.350 (0.970--2.011)   0.139
  Histologic type                                0.678                                     0.186
   EWS                Ref.                                          Ref.                   
   PNET/Askin         1.045 (0.848--1.289)       0.678              1.145 (0.937--1.398)   0.186
   Site                                          0.674                                     0.963
  Soft tissue         Ref.                                          Ref.                   
   Others             0.952 (0.757--1.197)       0.674              0.995 (0.800--1.237)   0.963

**Abbreviations:** EWS, Ewing sarcoma; PNET, peripheral primitive neuroectodermal tumors; Ref., reference.

###### 

Multivariate Cox regression analysis for patients with skeletal Ewing sarcoma

  Characteristics     Cancer-specific survival   Overall survival                          
  ------------------- -------------------------- ------------------ ---------------------- ---------
  Race                                           0.011                                     0.009
   White              Ref.                                          Ref.                   
   Non-White          1.334 (1.068--1.665)       0.011              1.329 (1.072--1.647)   0.009
  Ethnicity                                      0.699                                     0.649
   Non-Hispanic       Ref.                                          Ref.                   
   Hispanic           1.037 (1.068--1.670)       0.699              1.042 (0.873--1.244)   0.649
  Age (years)                                    \<0.001                                   \<0.001
   0--19              Ref.                                          Ref.                   
   20--39             1.544 (1.341--1.778)       \<0.001            1.538 (1.324--1.763)   \<0.001
   ≥40                2.180 (1.723--2.758)       \<0.001            2.348 (1.883--2.928)   \<0.001
  Sex                                            0.084                                     0.048
   Male               Ref.                                          Ref.                   
   Female             0.877 (0.775--1.016)       0.084              0.877 (0.770--0.999)   0.048
  Year of diagnosis                              \<0.001                                   \<0.001
   1973--1979         Ref.                                          Ref.                   
   1980--1989         0.881 (0.691--1.124)       0.307              0.865 (0.688--1.089)   0.217
   1990--1999         0.598 (0.465--0.769)       \<0.001            0.594 (0.468--0.754)   \<0.001
   2000--2009         0.534 (0.422--0.676)       \<0.001            0.524 (0.419--0.655)   \<0.001
   2010--2014         0.493 (0.370--0.656)       \<0.001            0.504 (0.383--0.663)   \<0.001
  Size (cm)                                      \<0.001                                   \<0.001
   ≤10                Ref.                                          Ref.                   
   \>10               1.517 (1.243--1.851)       \<0.001            1.495 (1.231--1.816)   \<0.001
   Unknown            1.247 (1.055--1.473)       0.010              1.280 (1.090--1.503)   0.003
  Lymph node                                     0.901                                     0.803
   Negative           Ref.                                          Ref.                   
   Positive           1.039 (0.591--1.828)       0.894              1.176 (0.705--1.960)   0.534
   Unknown            1.036 (0.890--1.205)       0.651              0.992 (0.859--1.146)   0.916
  Surgery                                        \<0.001                                   \<0.001
   No                 Ref.                                          Ref.                   
   Yes                0.660 (0.576--0.756)       \<0.001            0.672 (0.590--0.766)   \<0.001
   Unknown            0.857 (0.624--1.178)       0.342              0.863 (0.637--1.170)   0.343
  Stage                                          \<0.001                                   \<0.001
   Non-distant        Ref.                                          Ref.                   
   Distant            2.528 (2.196--2.909)       \<0.001            2.359 (2.060--2.701)   \<0.001
   Unknown            1.158 (0.904--1.483)       0.246              1.163 (0.922--1.468)   0.202
  Histologic type                                0.412                                     0.430
   EWS                Ref.                                          Ref.                   
   PNET/Askin         0.842 (0.559--1.269)       0.412              0.854 (0.576--1.265)   0.430
  Site                                           \<0.001                                   \<0.001
   Axial              Ref.                                          Ref.                   
   Appendicular       0.801 (0.699--0.918)       0.001              0.784 (0.688--0.893)   \<0.001
   Bone, NOS          1.329 (0.974--1.813)       0.073              1.262 (0.929--1.714)   0.137

**Abbreviations:** EWS, Ewing sarcoma; PNET, peripheral primitive neuroectodermal tumors; Ref., reference.
